The fate of CO2 loaded into the atmosphere by fossil fuel combustion and deforestation has been uncertain. Direct measurements of the increase in atmospheric CO2 levels, when compared to the rates of fossil fuel combustion and cement production, indicate that about 57 percent of the CO2 produced from these sources has accumulated in the atmosphere (1). The other 43 percent of the industrially derived CO2 is in either the biosphere or ocean, the two carbon reservoirs that can exchange signif-icant amounts of CO2 on the time scale of the anthropogenic perturbation. Two recent studies of the atmospheric CO2 budget came to opposite conclusions with regard to whether the ocean or biosphere has been the predominant CO2 sink (1, 2).
Our uncertainty about the fate of anthropogenically produced CO2 results from the lack of direct measurements of changes in the carbon content of the biosphere and ocean. As a result we have had to rely on model parameterizations to estimate oceanic and biospheric CO2 uptake rates (1-3). Because the uncertainty in these parameterizations is substantial, the question of whether the ocean or biosphere is the major CO2 sink has remained unanswered.
In this article, we use measurements of the decrease in the 13C/'2C ratio of the total dissolved inorganic carbon ( the ocean since 1970 to determine the rate of oceanic uptake of anthropogenically produced CO2. The 13C/12C ratio, expressed as b13C (4), is a useful tracer of CO2 derived from fossil fuel and deforestation sources. The tracer quality of the b13C value results from a difference between the b13C value of CO2 in the atmosphere (about -8 per mil) and that of CO2 released during the combustion of fossil fuels and biomass (about -27 per mil). The difference between the b13C values for plant material and atmospheric CO2 results from the isotopic fractionation during photosynthetic fixation of CO2 (5). Although the b13C values of terrestrial plants range from -27 per mil to -12 per mil depending on whether the plant uses a three-carbon or four-carbon intermediate to fix CO2 (5), that is, C3 or C4 plants, the terrestrial biomass is overwhelmingly (>95 percent) C3 plant material (6).
The b13C value of atmospheric CO2 is decreasing because CO2 input from fossil fuel combustion and deforestation has a b13C value about 20 per mil lower than the b13C value of atmospheric CO2. The b13C value of atmospheric CO2 has decreased by 1.4 per mil during the last 300 years on the basis of measurements of air bubbles trapped in ice (7). Direct measurements show that the b13C value of atmospheric CO2 decreased from -7.5 per mil in 1978 to -7.8 per mil in 1988 (1). Similarly, the b13C value of DIC in the ocean should have decreased if anthropogenically produced CO2 has entered the oceans. A decrease of about 0.5 per mil from 1900 to 1970 for the surface layer of the tropical ocean has been inferred from measurements of the 813C value of aragonite in a sclerosponge (8). In order to quantify the amount of anthropogenic CO2 taken up by the oceans we must determine the depth-integrated change in the oceanic b13C on an oceanwide scale.
On three National Oceanographic and Atmospheric Administration research cruises during the last 3 years we measured the b13C value of DIC in the Pacific Ocean from 60?S to 60?N (Fig. 1) . Seawater samples, poisoned with HgCl2, were collected and stored in prewashed and baked (450?C) ground glass-stoppered bottles. In the laboratory, we extracted the CO2 from seawater using a helium stripping technique (9). The efficiency of the extraction was 100 + 0.5 percent based on gravimetrically prepared Na2CO3 standards. The overall precision of the b13C analysis was +0.02 per mil based on a replicate analysis of standards and seawater samples.
To (Fig. 4) do not imply that there has been no anthropogenic CO2 or bomb 14C uptake in this region.
We estimate an oceanwide decrease in the depth-integrated 813C by normalizing our measurements at seven sites to the increase in depth-integrated 14C activity resulting from atmospheric nuclear testing (bomb 14C) measured at nearby stations during GEOSECS ( Table 2 ). The relation between the decrease in b13C values and increase in bomb 14C activity (Fig. 5) The measured time rates of change of atmospheric and oceanic 13C/12C ratios yield values for oceanic net CO2 uptake rates that are not model-dependent. Until direct measurements can be made of the changes in the carbon content of the ocean and biosphere, continued oceanic and atmospheric "13C measurements may provide the best determination of the fate of fossil fuel CO2.
